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AUTOMATIC TIRE PRESSURIZING AND
MAINTAINING SYSTEM AND METHOD

PRIORITY

This application claims the benefit of U.S. Provisional

Application Ser. No. 61/215,719 filed May 8, 2009 entitled
AUTOMATIC TIRE PRESSURIZING AND MAINTAIN-

ING SYSTEM AND METHOD, which 1s hereby incorpo-
rated by reference 1n 1ts entirety for all purposes.

FIELD OF THE INVENTION

The present invention relates to an automatic tire pressur-
1zing and maintaining system especially useful for maintain-
ing a desired pressure 1n pneumatic tires, and to a method for
the maintaining a desired pressure in pneumatic tires.

BACKGROUND

Automobiles, trucks, motorcycles, all-terrain vehicles,
trailers, bicycles, etc. all employ pneumatic tires. Maintain-
ing the proper pressure in the tires of these vehicles 1s an
important factor in their safe handling, in minimizing exces-
stve tire wear, and 1n achieving maximum fuel efficiency.

It 15 estimated that pneumatic tires can lose up to 2 pounds
per square inch (psi1) ol pressure per month unless the pressure
1s properly monitored and maintained. Pressure 1s lost from
pneumatic tires due to migration of air through the tire 1tself,
small holes 1n the tire, air passing through the bead seal
located at the junction of the tire and the rim, and/or leaks
through the rnm and the fill valve. However, vehicle operators
frequently fail to monitor tire pressure often enough, and
consequently do not maintain proper pressure 1n the tires.

There have been a number of systems proposed for auto-

matically maintaining and/or adding air to pneumatic tires.
See for example, U.S. Pat. Nos. 4,349,064 5,556,489; 5,558,

730; 6,553,010; 6,772,812; and 7,225,845. These systems
have not proven to be entirely satistactory. For example, some
require a separate opening, in the rim in addition to that
needed for the valve stem of the tire. This creates an added
opportunity for the loss of air from the tire over time. Other
systems require modification to the tire, the rim, or to the
vehicle 1tself. Others require the use of springs to operate.
Over time, the springs weaken and/or become dirty thereby
reducing their ability to function properly. In addition, the use
of springs in the regulation of pressure generally precludes
the ability to adjust pressure without additional components
and manual intervention. Many systems use sliding seals that
are prone to wear. The continuous operation of these seals
causes additional wear upon them even 11 there 1s no need to
add pressure to the tire. Some of the systems allow the tire to
become unbalanced during operation due to an unequal angu-
lar momentum caused when the pumping mechanism moves
in a radial direction away from the center of the tire. Even
though there have been attempts to counterbalance this factor
by the addition of weight opposite the pumping device, such
weights are fixed to the tire and are not synchronized with the
changing momentum of the pumping mechanism. As a resullt,
this solution only partially balances the wheel 1f 1t balances it
at all.

As a result, there remains a need for a system that auto-
matically pressurizes and regulates the pressure 1n pneumatic
tires and that preferably does so without the need to provide
either any additional modifications to the wheel, vehicle, or
without the use of springs.

10

15

20

25

30

35

40

45

50

55

60

65

2
SUMMARY

The present invention provides an automatic tire pressur-
1zing and maintaining system that pressurizes a tire to, and
maintains the pressure at, a desired pressure. The desired
pressure 1s typically set when the tire 1s mitially filled. How-
ever, 1t may be reset as desired by the user at any time.

The system of the mvention 1s able to pump make-up air
into a tire to replace air lost due to normal leakage. Typically
this loss 1s up to 2 pounds per square inch (psi) pressure per
month. A force generated when a wheel 1s turning powers the
system ol the invention. The system preferably employs mul-
tiple pumping devices joined together by a flexible belt or
substrate that advantageously 1s comprised of two or more
layers. Each of the pumping devices employs an outer hous-
ing that may have flexible or rigid sidewalls. The interior of
the outer housing has a displacement mechanism that divides
the iterior into a regulating and pressurized reservoir setto a
desired pressure, and a make-up reservoir. The displacement
mechanism moves up and down inside the housing in
response to the rotation of a wheel. The system also prefer-
ably employs one or more valves in the belt that open and
close to allow fluid to be delivered through passageways to
the tire, the reservoirs, and/or the outside atmosphere.

The system may be mounted to the rim of the wheel either
inside or outside of the tire. For example, 1t may be pulled
tight by a ratcheting mechanism. Alternatively, 1t may be
ailixed to the rim by a double-sided adhesive tape. A combi-
nation of these techniques may be used 11 desired.

Operation of the system 1s cyclic in nature. When the wheel
turns at or above a predetermined speed, a force moves the
displacement mechanism of the pumping device on a radial
vector away from the wheel center. This draws air into the
make-up reservoir. When the wheel stops turning, or the
speed of the wheel drops below the predetermined speed, the
force 1s removed and air contained in the regulating and
pressurized reservoir, which has previously been set to a
desired pressure, acts on the displacement mechanism. If the
desired pressure 1n the regulating and pressurized reservoir 1s

greater than the pressure 1n the tire, the displacement mecha-
nism 1s forced toward the center of the wheel and air 1s forced
onto the tire. If the desired pressure 1s equal to, or less than,
the pressure 1n the tire, then no air 1s pumped nto the tire.

In one embodiment, the tire pressurizing and maintaining,
system of the mvention comprises one or more pumping
devices supported on a belt having conduits, also referred to
herein as passageways, for transporting tfluid from pressur-
1zed sources to a tire volume. Advantageously, the system of
the mvention also comprises an inlet valve that 1s 1n flud
communication with the belt. Preferably the inlet valve com-
prises a double in-line valve that permits the pressure 1n the
regulating and pressurized reservoir and in the tire to be
initially set to a desired pressure. The two are connected to
one another so that when a first valve, typically a standard
Schraeder valve, 1s activated, a second valve 1s also opened.
The first valve in conjunction with the second valve fills or
empties the tire 1n a standard way. The first valve 1s also
connected to the regulating and pressurized reservoir. The
first valve sets the pressure 1n this reservoir to the desired tire
pressure. When the second valve 1s closed, 1t 1solates this
reservolr from the tire pressure. The first valve also seals the
air 1n the regulating and pressurized reservoir at the same
pressure as the tire when the valves are mitially closed.

The use of a plurality of pumping devices provides an
enhanced ability to maintain proper tire pressure. That 1s, this
embodiment provides redundant pumping capabilities so that
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if one pumping device fails, one or more others 1s available to
operate and maintain proper pressure in the tire.

The precise number of pumping devices employed in this
embodiment 1s a matter of choice. Thus, 1t may comprise as
few as one pumping device. Preferably, 1t comprises as many
pumping devices as will fit around the circumierence of the
rim at least once.

The present mvention also comprises a fill or 1nlet valve
comprising, a valve body having at least one fluid conduit
system. The fluid conduit system 1s 1 fluid communication
with an air supply, and (1) a pumping device associated with
the tire and wheel assembly, and (2) the interior chamber of
the tire and wheel assembly. In particular, the tluid conduit
system provides tluid communication between the air supply
and (1) the interior chamber of the tire and wheel assembly,
(2) a regulating and pressurized reservoir, (3) an ambient air
supply, and (4) a make-up pressure reservorr.

The present mvention also provides a pumping device
comprising an outer housing that defines an enclosure. and a
displacement mechanism within the housing. The displace-
ment mechanism 1s moveable between raised and lowered
positions within the enclosure along a longitudinal axis of the
housing. The displacement mechanism divides the interior of
the housing 1nto a regulating and pressurized reservoir and a
make-up reservotr.

The present invention also provides a method of maintain-
ing a predetermined pressure in a tire and wheel assembly
comprising the steps of:

providing the automatic tire pressurizing and regulating

system;

attaching the system to a rim;

pressurizing the interior chamber of the tire/rim assembly

and the pressurizing and regulating reservoir to a desired
pressure;

rotating the tire and rim assembly.

Important aspects of the present invention include the use
of a regulating and pressurized reservoir set at a desired
pressure to drive the displacement mechanism of the pumping
device; a fill valve that enables the regulating and pressurized
reservolr to be filled or emptied either independently or
simultaneously; a belt structure that allows a plurality of
pumping devices to be synchronized because the set pressure
of each 1s the same; and the use of one-way pressure differ-
ential valves 1n the belt structure to control/regulate the flow
of fluid to or from the various reservoirs and/or the tire cham-
ber.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be discussed 1n more detail with
regard to the several FIGS. 1n which like reference numbers
refer to the same elements throughout the several views. The
FIGS. 1llustrate one or more embodiments of the ivention.
However, the FIGS. are not intended to, nor do they, limit the
scope of the invention to these embodiments.

FIG. 1 schematically 1llustrates the system of the present
invention present attached to a wheel.

FIG. 2 schematically illustrates the automatic pressurizing,
and regulating system of the present invention with the dis-
placement mechanism of the pumping device at an interme-
diate position.

FIG. 3 15 a side view of an embodiment of the system of
FIG. 1 illustrating a plurality of the pumping devices con-
nected to one another by a flexible belt that includes a fill
valve.

FI1G. 4 15 a cut away perspective view of one of the pumping

devices of FI1G. 3.
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FIG. 5 1s an end profile view of the system of FIG. 3.

FIGS. 6 A-6C 1llustrate the side, top, and bottom views of
the top layer of the belt of the embodiment of FIG. 3.

FIGS. 7A-7C illustrate the side, top, and bottom views of
the middle layer of the belt of the embodiment of FIG. 3.

FIGS. 8 A-8B illustrate the side and top views of the bottom
layer of the belt of the embodiment of FIG. 3.

FIG. 9 1s an exploded view of the device showing the
relationship of the three layers of FIGS. 6 A-8B.

FIG. 10 illustrates a fill valve according to the invention.
FIGS. 11-14 illustrate the inlet and outlet valves of the

system of FIG. 3.

FIGS. 15 and 16 are cut away perspective views of a pump-
ing device uselul 1n the system of the invention at maximum
intake and maximum compression respectively.

DETAILED DESCRIPTION

The embodiments of the present invention described below
are not mtended to be exhaustive or to limit the imvention to
the precise forms disclosed 1n the following detailed descrip-
tion. Rather, the embodiments are chosen and described so
that others skilled 1n the art may appreciate and understand
the principles and practices of the present invention.

FIG. 1 schematically shows an automatic regulating and
pressurized system 10 of the invention mounted to a tire 12 of
a motor vehicle (not shown). Generally, for a tire and rim 1n
good condition 1n which the tire 1s properly mounted on the
rim, the rate of pressure loss can be moderately slow, but 1s
reported to be on the order of about 2 pounds of pressure loss
per month 1n many instances. Advantageously, the present
invention helps to protect against these kinds of pressure
losses. System 10 automatically regulates and maintains the
tire pressure at a desired set pressure. The system 10 has many
advantages, including but not limited to being eclegantly
simple, self-regulating, light weight, balanced for smooth tire
operation, easy to 1nstall, able to fit a wide range of rim sizes,
and that does not require, 1f desired, an independent source of
power other than the rotational energy of the tire to which
system 10 1s mounted.

Asseenin FI1G. 1, tire 12 includes tread 14 and sidewall 16.
Tire 12 1s mounted to rim 18. Tire chamber 20 1s filled to
pressurize the tire 12 at a desired pressure. Many tires are
mounted such that a tire bead (not shown) of tire 12 engage
side flanges (not shown) projecting from the nside and out-
side peripheries of the rim. Tire pressure helps to create a
secure, generally airtight engagement between tire 12 and rim
18.

System 10 1s mounted to rim 18. Whereas the tire bead
generally engages the inner and outer regions of the rim,
system 10 1s preferably wrapped around a central region of
the rim. System 10 can be secured to rim 18 1n a variety of
ways. For instance, system 10 can be pulled tight using a
ratcheting closure system analogous to the ratchet mecha-
nism used on cable ties. Other attachment strategies can
involve the use of adhesive, double-sided tape, or the like. In
an 1llustrative embodiment, system 10 1s secured to rim 18
using a combination of a ratcheting closure system and
double-sided tape.

System 10 includes a plurality of pumping devices 22
supported upon belt 23. Lines for fluidly transporting gases,
such as ambient air or gases from pressurized sources, etc. are
integrated 1nto the structure of belt 23. The pumping devices
22 arec arrayed generally uniformly around the rim 18 for good
balance as tire 12 rotates. Belt 23 also advantageously
includes a valve stem 25.
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FIG. 2 schematically shows the pump design of the system
10 of the present invention with respect to one of the pumping
devices 22 shown in FIG. 1. Pumping device 22 generally
includes a housing 24 that defines a regulating and pressur-
1zed reservoir 26 that can be set at a desired set pressure. The
pressure of the reservoir 26 helps to control the automated
monitoring and pressurizing operations of many embodi-
ments of the present invention. Housing 24 includes a port 28
that provides a way to intake and/or exhaust a pressurized
fluid 1nto reservoir 26. In other embodiments, separate inlet
(s) and outlet(s) can be provided 11 desired.

A fluid pathway system 1s provided for supplying a pres-
surized tluid to reservoir 26 through port 28. The fluid path-
way system optionally includes features to allow the pressure
ol the reservoir 26 to be released. A conduit 30 leads from a
suitable source 32 of pressurized fluid to the port 28. The
source 32 can be any suitable source of pressurized gas. A
conduit 34 also provides a pathway to release pressure from
reservolr 26. Valves 36, 38, and 40 control the flow of fluid
through the fluid pathway system. Valve 36 can be opened to
allow tluid to tlow through conduit 42 to fill the tire chamber
20. Valve 38 can be opened to allow tluid to {ill reservoir 26.
Valve 40 can be opened to exhaust fluid from reservoir 26.
Dotted line 44 schematically shows that the actuation of
valves 36 and 38 can be coordinated. For instance, both can be
opened at the same time so that the reservoir 26 and the tire
chamber 20 are inflated or deflated at the same time to the
same desired pressure. Then, both valves 36 and 38 can be
closed at the same time to 1solate the reservoir 26 and tire
chamber 20 from the ambient. Note that when both of these
valves are closed, reservoir 26 1s also 1solated from tire cham-
ber 20 as well. This way, if tire chamber 20 loses pressure, the
pressure in reservolr 26 1s maintained and remains available
to help regulate tire chamber re-pressurization. Although
shown separately, valves 36 and 38, or any combination of
valves used 1n the system for that matter, may be combined
into a single valve device.

Pump 22 employs a displacement mechanism 48 that 1s
based 1n part upon a weighted displacement cylinder 50 that
moves up and down upon a post 64 (sometimes referred to
hereinafter as piston 64). As illustrated in FIG. 2, cylinder 50
1s 1n an intermediate position within housing 24. A make-up
reservoir 34 has a volume that changes as the cylinder 50
moves radially outward away from the axis of rotation of tire
12 as depicted by arrow 56 or radially inward toward the axis
of rotation of tire 12 as depicted by arrow 58. When the
cylinder moves in the direction of arrow 56, the volume of
make-up reservoir 54 increases. This 1s the intake motion, as
this causes a make-up fluid to be drawn 1nto reservoir 34.
When the cylinder moves 1n the direction of arrow 38, the
volume of make-up reservoir 54 decreases. This tends to
torcibly exhaust make-up tluid 1n reservoir 34 into tire cham-
ber 20 for re-pressurization. The make-up reservoir 54 1s
1solated from the regulating and pressurized reservoir 26.
Protuberances 60 on the top of cylinder 50 desirably are made
of a resilient material, such as a rubber, to cushion any impact
between the cylinder 50 and housing 24. The protuberances
60 also help to maintain a gap between the cylinder 50 and the
housing 24 at the maximum 1ntake stroke.

Flexible portion 62 1s provided on cylinder 50. As illus-
trated i FI1G. 2, tlexible portion 62 folds 1in upon itself 1n an
accordion-like manner. The tlexible portion 62, also some-
times referred to herein as the bellows portion 62, allows the
volume of the make-up reservoir 54 to expand and contract as
the cylinder 50 moves up and down. Preferably, bellows por-
tion 62 expands and contracts with little or de minimis bias
acting on the cylinder 50. Optionally, though, the bellows
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portion 62 may have an elastic character that biases the cyl-
inder 50 toward the 1ntake or exhaust position when bellows
portion 62 1s stretched or compressed.

A post 64 guides cylinder 50 to help 1t to track properly.
Post 64 1s hollow and allows fluid to enter and leave make-up
reservolr 54 via passageway 68.

The system also includes a fluid pathway by which a make-
up fluid can be drawn 1nto make-up reservoir 54 during an
intake stroke. In this 1llustrative mode of practice, conduits 72
and 74 fluidly couple a source 76 of a make-up gas to the
passageway 68. This source 76 can be ambient air, one or
more supplies of pressurized gas, or the like. Valve 80 helps
control the flow of make-up fluid through this fluid pathway.

The system also 1ncludes a fluid pathway by which make-
up fluid can be forced from make-up reservoir 34 into tire
chamber 20. This pathway includes conduits 68, 74, 82, and
conduit 83 leading to tire chamber 20. Valve 84 helps to
control the flow of make-up fluid through this fluid pathway.

Optionally, the actuation of valves 80 and 84 can be coor-
dinated as schematically depicted by the dotted line 86 con-
necting these two valves. For instance, the control logic can
assure that when valve 80 1s open, valve 84 can be closed and
vice versa. Thus, valve 80 can be open and valve 84 can be
closed when the cylinder 50 takes an intake stroke. On the
other hand, valve 84 can be open and valve 80 can be closed
aiter an intake stroke 1s completed. This facilitates an exhaust
stroke when the pressure 1n tire chamber 20 1s too low relative
to the background pressure in reservoir 26.

Importantly, when valve 84 1s open and valve 80 1s closed,
both the pressure of reservoir 26 and the tire pressure in
chamber 20 act 1n opposition against cylinder 50. This design
advantageously allows the pressure of reservoir 26 to serve as
at least a portion of a very simple automatic regulating system
to control tire re-pressurization. For instance, in one mode of
practice, the system can be designed so that the background
pressure 1s at the desired tire pressure, and the system induces
re-pressurization when the pressure 1n tire chamber 20 1s less
than the pressure of reservoir 26. To start with, the make-up
reservolr 34 fills readily when the tire rotates at or above a
certain threshold speed. In this circumstance, the rotational
speed of the tire allows the cylinder to move against the
pressure 1n the reservoir 26 to take an intake stroke. Make-up
fluid 1s drawn 1nto the reservoir 54 from a suitable source,
such as ambient air or the like, as the volume of reservoir 54
expands. This allows the make-up reservoir 54 to at least
partially fill with make-up fluid. Advantageously, 1t 1s the
energy of tire rotation that powers the filling of the make-up
reservolr 54. An independent power supply 1s not needed.

With make-up fluid 1n the reservoir 34, the system 1s now
ready to controllably execute a re-pressurization event when
the tire slows sufliciently or stops. The relative pressure dif-
ference between the set pressure in reservoir 26 and the pres-
sure 1n tire chamber 20 determines, at least 1n part, whether an
exhaust stroke occurs. If the set pressure 1n reservoir 26 1s
greater than the pressure in tire chamber 20, then the set
pressure can force the cylinder 50 to take an exhaust stroke. In
practical effect, the set pressure acting against the cylinder 50
in the exhaust direction 1s greater than, and overcomes, the
tire pressure acting on the cylinder 50 in the intake direction.
If the tire pressure 1s equal to or greater than the set pressure,
then the tire pressure 1s high enough to prevent an exhaust
stroke. In this way, re-pressurization of tire chamber 20 auto-
matically occurs when needed, and over-pressurizing 1s
avoided.

The system 10 1s essentially unatlected by gravity. Thus
when a tire stops rotating, or when a tire begins to rotate, the
force acting on the device of the mnvention is negligible. The
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distance covered when a tire creeps to a stop, or when 1t creeps
on start-up, only needs to be one revolution to bring each
device 22 under maximum or mimmum gravitational influ-
ence. The elasticity of bellows 62 can be varied to increase or
decrease the gravitational force on cylinder 50.

The system 10 advantageously accommodates temperature
changes. When the temperature of air or other fluid 1n the tire
changes, there 1s a corresponding change 1n the tire pressure.
The fluid providing set pressure 1n reservoir 26 1s located
inside the tire envelope and therefore would be expected to
change by a similar corresponding amount. Consequently,
system 10 can accurately control tire pressure over a wide

temperature range.

FIG. 3 shows a system 10 according to the imvention in
more detail. System 10 comprises a plurality of pumping
devices 22 connected to one another 1n series by belt 23. Belt
23 provides fluid communication pathways between the indi-
vidual pumping devices 22, the tire chamber 20, and the
outside tluid supply. System 10 further comprises a fill valve
235 having a cover 101, preferably a perforated skirt 102 that
filters intake air, and a housing 103. Housing 103 preferably
contains two Schraeder-type valves. These two valves are
preferably connected 1n an in-line manner for mutual opera-
tion. One of the Schraeder-type valves controls air commu-
nication between fill valve 25 and tire chamber 20. The other
of the Schraeder-type valves controls air communication
between the pressurizing and regulating reservoir 26 and fill
valve 25. Fill valve 235 further comprises a fluid conduit 72
that connects 1t to inlet valves 80 and 84 (see FIG. 2) of the
pumping devices 22.

Belt 23, as shown, comprises two parts. The first comprises
two air channels 104A and 104B that conduct air to the air
intake valves and the pressurizing and regulating reservoirs of
cach of the pumping devices 22 respectively. This portion of
belt 23 1s suiliciently tlexible to facilitate the insertion of the
{11l valve 25 into a valve-mounting hole (not shown) of a
wheel (sometimes referred to herein as a rim). A connecting,
system 1s preferably provided that joins the air channels 104A
and 104B to the series of pumping devices 22. The connecting
system shown comprises a ratchet-type connector 105 and a
pawl-type receiver 106 that 1s adapted to interface with the
ratchet-type connector 105. The connecting system connects
the first and second parts of belt 23 and joins channels 104 A
and 104B to channels 104C and 104D respectively provide
fluidd communication between the valve 25 and the series of
pumping devices 22. Other connecting systems may also be
used as will be understood by those skilled 1n the art. Alter-
natively, belt 23 may comprise a single part, thereby elimi-
nating the use of a connecting system.

Belt 23 further comprises layers 200 and 400, discussed
more fully below. Layer 400 contains a series air outlets 114
that allow aitr to flow 1nto tire chamber 20 from the one-way
pressure differential valves 84 (see F1G. 2) that are connected
to the displacement chambers 54. This portion also contains a
channel 108C that forms the intake air valve seat of the
one-way pressure differential valve 80 (see FIG. 2) that 1s
connected to channel 104C.

FIG. 4 shows an alternative embodiment of a pumping
device 22' useful 1n the mvention. Pumping device 22' com-
prises a housing 24', a pressurizing and regulating reservoir
26', cylinder 50', make-up reservoir 54', and pressure differ-
ential valve 84'. Cylinder 50' comprises a weight 51 and
protuberances 60. A flexible substrate 62', optionally sur-
rounds weight 51. A post 64' 1s also provided that has a
channel 110C that allows fluid to enter and leave make-up
reservoir 54'. Also shown are terminus 112, holes 113A and
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B, channel 114, and layers 200, 300, and 400, all of which are
discussed below with respect to FIGS. 6 A-9.

FIG. 5 shows an end profile view of an assembled pumping
device 22. The pumping device 22 comprises housing 24,
layers 200, 300, and 400 of the belt 23, channel 104D that
connects 111l valve 235 to the pressurizing and regulating res-
ervoir 26 (not shown), and fluid intake channel 104C.

The various individual components of the system of the
invention will now be discussed with reference to FIGS.
6A-10 which show the structure and inter-relation of the
various components of the belt 23. Specifically, these FIGS.
show a segment of belt 23 taken along the segment line A-A
through A'-A' of FIG. 3.

FIGS. 6A-6C respectively show side, top, and bottom
views of the top layer 200 of the segment. Top layer 200 forms
reservoir 26. Top layer 200 further comprises air intake chan-
nel 104C that 1s communication with ambient atmospheric air
via the valve 25. A portion 108A of the air intake channel
104C communicates with hole 108B in the middle layer 300
(see FIG. 7B) and the mflow side 108C of the pressure dif-
terential valve 80 (see FIG. 8B2).

The combination of portion 108A, hole 108B, and the
inflow side 108C of valve 80 allows air to pass from the top
layer 200 through the middle layer 300 into the bottom layer
400 to the inlet side of inlet valve 80.

Layer 200 further comprises opening 109, slot 110 and
terminus 112. Opening 109 forms the outflow side of the
intake valve 80 and 1s centered over, and in communication
with, both ofholes 109A and 109B of FIGS. 7B-7C. Terminus
84A (FIG. 8B) provides the seat for the inflow side of valve
80. In the closed position, terminus 84A 1s covered by the
space between 109A and 109B 1n layer 300. In the open
position the portion of layer 300 between openings 109 A and
109B 1s forced into channel 109 (FIG. 6C) due to the pressure
differential. This allows air to pass through openings 109A
and 109B (FIGS. 7B and 7C) into channel 110. Slot 110 1s
connected to via hole 110B (see FIGS. 7B and 7C) to the
channel 110C (see FIG. 8B), which 1s 1n turn in communica-
tion with make-up reservoir 54'.

Terminus 112 1s positioned to lie directly above the space
between openings 113A and 113B (see FIGS. 7B and 7C).
Terminus 112 provides the seat for the intflow side of outlet
valve 84. In the closed position, terminus 112 1s covered by
the space between openings 113A and 113B. In the open
position, the portion of layer 300 between openings 113 A and
113B 1s forced into the channel 114 (see FIG. 8B) due to the
pressure differential. This allows air to pass through openings
113A and 113B (see FIGS. 7B and 7C). Channel 104D 1s
provided 1n layer 200 to connect the Schraeder-type valve and
all of the pressurizing and regulating reservoirs 26' via open-
ings 118. It should be noted that while the one-way valves 80
and 84 are shown with a single opening, they may alterna-
tively be provided with multiple openings.

FIGS. 7A-7C show additional detail regarding the struc-
ture of middle layer 300. In addition to the elements already
discussed, layer 300 comprises cylinder 50. Cavity 120 1s
provided in the weight diaphragm assembly. Cavity 120 1s
adapted to receive post 64 (see FIG. 8A).

FIGS. 8A-8B show additional detail regarding the struc-
ture of bottom layer 400. These FIGS. show the positions of
the inflow side 108C of the pressure differential inlet 80A of
check valve 80, the channel 110C that 1s connected to hole
110B (FIG. 7B) and slot 110 (FIG. 6C), and the post 64'.

FIG. 9 1s an exploded 1sometric view showing the relation-
ship of the layers 200, 300, 400 to one another when
assembled. This FIG. illustrates how the network of fluid
passageways cooperates in the present mvention.
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Once assembled, layers 200, 300, 400 provide a means to
connect a number of pumping devices 22 to one another and
to valve 25. The layers also provide a network ol passageways
the allowed fluid (e.g., air) to tlow to the various chambers
and/or reservoirs as needed.

Layers 200, 300, and 400 may comprise any flexible mate-
rial capable of maintaining 1ts structural integrity during use.
For example, they may be metal foils, plastic materials, rub-
bery matenials, etc. The layers may be joined to one another
by a variety of techniques, including an adhesive composition
heat welding or, alternatively, an adhesive tape such as a
double-sided adhesive tape. In either case, the joinder tech-
nique must provide the necessary tluid passageways so as to
allow fluid flow between the layers as already discussed.

FIG. 10 shows an embodiment of the valve 25 of the
invention having two in-line valves. Fill valve 25 comprises a
valve body 125 and a valve cover 101 having a threaded
portion 131 to secure it to the valve. Valve cover 101 further
comprises a perforated skirt portion 102. A threaded insert
133 1s provided in valve body 125. Insert 133 preferably holds
standard valve cores 134 and 135 1n proper position. The
valve cores 134 and 1335 are each shown with standard
threaded collars 140 and 141. The threaded collars help to seal
the cores to the valve body. Valve core activation stems 136
and 137 are positioned along the longitudinal axis of valve
cores 134 and 135. The activation stems are aligned with one
another and are movable along the longitudinal axis of the
valve cores. An optional coupling mechanism 142 1s attached
to activation stems 136 and 137 to allow simultaneous opera-
tion of valve cores 134 and 135.

Fill valve 25 additionally comprises an intake air conduit
104A that connects ambient air to the inlet valves 80 of
pumping device 22. Fill valve 25 further comprises air chan-
nel 138 that connects the reservoirs 26 with the tire chamber
20 and the {ill or empty port of {ill valve 25. Channel 138 also
allows the tire chamber 20 to be filled or emptied via face of
valve core 135. Fill valve 25 further continuously fluidly
isolates the make-up reservoir 54 from the regulating and
pressurized reservolr 26 and the tire chamber 20 except when
the fill valve operates to 1nject air into or release air from the
tire chamber and the regulating and pressurized reservotr.

As shownin FIG. 10, the valve body 125 may comprise two
halves that are joined together by, for example, adhesive, heat
welding, etc. Insert 133 may then be 1nserted into valve body
125. Activation stems 136 and 137 are then typically joined
together via optional coupling mechanism 142 and the result-
ing assembly 1nserted into an opeming 1n valve cores 134 and
135. This resulting combination may then be placed into
insert 133 either before or after 1t was inserted into valve body
125.

FIGS. 11 and 12 respectively schematically illustrate the
inlet valve 80 1n closed and open positions. These FIGS. show
housing 24' surrounding regulating and pressurized reservoir
26', the 1nlet side 80A of inlet valve 80, and flexible middle
layer 300 having holes 109A and 109B that communicate
with opening 109 of layer 200.

FIGS. 13 and 14 schematically 1illustrate the operation of
the outlet valve 84 1n closed and open positions respectively.
These FIGS. show housing 24' surrounding reservoir 26' and
outlet valve 84. Outlet valve 84 comprises inlet side 84A, also
identified as terminus 112, and middle layer 300. Middle
layer 300 1s flexible and has holes 113 A and 113B that com-
municate with channel 114 of layer 400.

Inlet valve 80 and outlet valve 84 are preferably mirror
images ol one another. This facilitates the operation of the
system of the invention. Thus, the mass of the outlet valve 84
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biases 1t 1n the closed position and the mass of the inlet valve
80 biases it 1n the open position when the force generated by
rotation of the tire 1s applied.

FIGS. 15 and 16 1llustrate an assembled pumping device
22' usetul 1n the invention at maximum 1ntake and maximum
compression respectively. These FIGS show housing 24,
regulating and pressurized reservoir 26', cylinder 50' com-
prising weight 51, tlexible substrate 62, protuberances 60,
make-up reservoir 34', post 122, inlet air channel 110C, and
inlet 118 from 104D to the reservoir 26'. Also shown are
layers 200, 300 and 400.

The system of the invention may be applied to the rim in a
variety of ways. FI1G. 1 1llustrates one such approach in which
{111 valve 25 1s inserted 1nto a valve mounting port (not shown)
in the rim. Fill valve 25 preferably has a channel 128 (FI1G. 10)
that cooperates with the rim to provide an air tight seal. The
remainder of system may then be secured to the inner circum-
ference of the rim as previously discussed.

The number and size of the pumping devices employed 1n
system 1s a matter of design choice, 1t being understood that
the number and size should be suificient to adequately main-
tain the desired tire pressure. The number and size of the
regulators can be determined from the following: Assume a
tire size of 215/70/15 (a 15 inch tire). Tire air volume equals
2500 1n.sup.3. Desired pressure 1n tire equals 335 ps1. Assume
a pressure loss of 2 ps1 per month. This equals a volume loss
of 140 in.sup.3 or 325 in.sup.3 at atmospheric pressure.
Assume 20 start/stop cycles per day, where a cycle means
exceeding 25 mph and then slowing to below 25 mph.
Assume the use of 20 regulators. 20 regulators provide 12,000
pumping cycles per month, using the previous assumptions.
Dividing the volume loss 01325 in.sup.3 per month by 12,000
pumping cycles give a pumping volume of 0.027 1n.sup.3/
stroke. Assume a stroke length of 0.5 in. This results 1 a
displacement area of 0.06 1n.sup.2 and a pump diameter of
0.28 in. To pump against 35 ps1 of force requires a force of 2.1
Ib (35 psi1.times.0.06 1n.sup.2) for each regulator. The centrip-
ctal force acting on the weight 1s then calculated using the
formula {=v.sup.2/rm where 1 1s the centripetal force, v 1s the
velocity of the pump the wheel rotates, r 1s the radius length
from the center of the wheel to the pump, and m 1s the mass of
the weight in the pump. A weight positioned 7 in from the
center of the wheel (the distance of the regulator from the
center of the wheel) traveling at a speed of 25 mph (velocity
1s 5.4 revolutions per second) will exert a force of 21 times 1ts
weight at rest. Therefore, to operate the pump at 25 mph, a
mass of 0.1 1b (2.1 1b/21) 1s needed 1n each regulator in order
to draw air into each. The air pressure in the set pressure
reservolr (1.e., 35 psi) will act on the weight/diaphragm and
push against the air in the displacement reservoir. It the pres-
sure 1n the set pressure reservoir 1s greater than the tire pres-
sure, then air will be forced 1nto the tire from the displacement
reservolr.

The forgoing disclosure has been set forth merely to 1llus-
trate the invention and 1s not intended to be limiting. Since
modifications of the disclosed embodiments incorporating
the spirit and substance of the invention may occur to persons
skilled 1n the art, the invention should be construed to include
everything within the scope of the appended claims and
equivalents thereof.

The complete disclosures of the patents, patent documents,
and publications cited herein are incorporated by reference 1n
their entirety as 1f each were individually incorporated. Vari-
ous modifications and alternations to this invention will
become apparent to those skilled 1n the art without departing
from the scope and spirit of this invention. It should be under-
stood that this invention 1s not intended to be unduly limited
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by the 1llustrative embodiments and examples set forth herein
and that such examples and embodiments are presented by
way ol example only with the scope of the invention intended
to be limited only by the claims set forth herein as follows.

The mvention claimed 1s:

1. An automatic tire pressurizing and regulating system for
maintaining a predetermined air pressure 1n a tire and wheel
assembly, comprising one or more pumping devices sup-
ported on a belt, the belt having fluid pathways for transport-

ing tluid from an ambient air source to an interior chamber of 10

the tire and wheel assembly, a fill valve 1n communication
with the fluid pathways and the pumping devices, the pump-
ing devices having a regulating and pressurized reservoir, a
make-up reservoir, and a piston continuously separating the
twO reservoirs,

wherein the fill valve comprises a valve body having a fluid

conduit system, the fluid conduit system being 1n fluid
communication with a pressurized air supply port and
(1) the interior chamber of the tire and wheel assembly,
the regulating and pressurized reservoir, an ambient air
supply, and the make-up reservoir, said make-up reser-
voir fluidly 1solated from said regulating and pressurized
reservoir within the pumping devices except when said
{111 valve operates to 1nject ito or release air from the
interior chamber, of the tire and wheel assembly, and
regulating and pressurized reservorr.

2. A method of pressurizing and maintaining a predeter-
mined pressure 1n a tire and wheel assembly comprising the
steps of: A) providing the system of claim 1; B) attaching the
system to the wheel, said system held 1n place by tension
surrounding a rim; C) pressurizing the interior chamber of the
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tire and wheel assembly and the regulating and pressurized
reservoir to a predetermined pressure; and D) rotating the tire
and wheel assembly.

3. A 11ll valve for use with a system to pressurize and
maintain a predetermined pressure in a tire and wheel assem-
bly comprising, a valve body having first and second fluid
conduits, the first fluid conduit being in fluid communication
with a pressurized air supply port, and an interior chamber of
the tire and wheel assembly, and a regulating and pressurized
reservoir; the second fluid conduit 1n fluid communication
with an ambient air supply and a make-up reservoir and the
interior chamber of the tire and wheel assembly, said make-up
reservoir continuously fluidly 1solated from said regulating
and pressurized reservoir within the pumping device, except
when said fill valve operates to 1nject into or release air from
the interior chamber of the tire and wheel assembly and
regulating and pressurized reservorr.

4. A pumping device for use with a system to automatically
maintain a predetermined pressure in a tire and wheel assem-
bly comprising, a pump having an outer housing that defines
an enclosure, a piston within the enclosure that 1s movable
between raised and lowered positions within the enclosure
along a longitudinal axis of the outer housing, the piston
defining both a regulating and pressurized reservoir and a
make-up reservoir within the housing, said make-up reservoir
continuously fluidly 1solated from said regulating and pres-
surized reservoir within the pumping device except when a
{111 valve operates to inject into or release air from an interior
chamber of the tire and wheel assembly, and regulating and
pressurized reservorr.
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